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(BUAXRO NO. 37974) RESEARCH AlRPLANE 

STATIC LONGITUDINAL STABILITY AND CONTROL CHARACTERISTICS 

I By S. A. Sjoberg, James R .  Peele, 
and John E. G r i f f  f t h  

Flight measurements were made' with  the Douglas D-558-11 research 
airplane  to  determine +he longitudinal stability and control  character- 
i s t i c s  in both  steady  flight and accelerated flight. 

With the slats locked and the  flaps up the airplane w a s  longitudi- 
nally unstable a t  normal-force coefficients  -eater  than  approxi- 
mately 0.8 i n  steady flight at low speeds and fn maneuvering flight at 
Mach numbers up t o  at least 0.65. No data were obtained at high  normal- 
force  coefficients at.Mach numbers greater than about 0.65 because  of 
the power l imitations of the airplane  with  only  the jet engine  installed. 
The ins t ab i l i t y  proved objectionable to   t he   p i lo t s   pa r t i cu la r ly   i n  
accelerated  f l ight because of the  tendency  for the airplane to   p i t ch  to 
high  angles of at tack very rapldly and because  violent  rolling aud yawing 
motions sometimes occurred when the high angles of a t tack were reached. 
The in s t ab i l i t y  probably resulted from a large increase in the ra te  of 
change of effective downwash at the t a i l  with  increase i n  angle of 
at tack at moderate and  high angles of attack. 

With the  f laps  down and the slats locked,  the  longltudinal  stabil i ty 
character is t ics  i n  steady f l i g h t  a t  low speeds were very similar t o   t h e  
characterist ics  with  the  f laps up and the slats locked,  except that the 
instability  occurred at a higher  normal-force  coefficient. 

The degree of  instabil i ty  present  with  the slats unlocked and the 
f laps  up o r  down w a s  much less than  with  the slats locked and the   p i lo t s  
had a n l y  minor objections  to  the  longitudinal  characterist ics of the 
airplane. 
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In steady  flight in the Mach  number range from 0.50 to 0.87 the 
airplane w a s  stable  longitudinally and no abrupt  trim changes  occurred 
up to   the  highest  Mach  number reached, 0.87. The data indicate  that 
only a slight  reduction  in  the relative elevator-stabilizer  effective- 
ness occurred i n  going from a Mach number of about 0.55 t o  0.85. 

~n turning  f l ight at low l i f t  coefficients  the  values of d&/dCNA 
and ,"e/& were approximately  doubled as the M ch number was increased 
from 0.6 t o  0.87. Most of the  increase  in d6eJCNA and me/.& can 
be a t t r ibu ted   to  an increase in   t he   s t ab i l i t y  of the  airplane which 
occurred  because of the increase  in  the  stabil i ty o f  the  wing-fuselage 
combination. A t  a Mach  number of 0.4 the aerodyaamic center of the 
wing-fuselage  combination iB at about 10 percent of the me= aerodynamic 
chord, and at a Mach  number of 0.87 the aeroaynamic center i s  at about 
20 percent of the mean aerodynamic chord. 

INTRODUCTION 

As a part  of the  cooperative Navy-NACA Transonic  Flight  Research 
Program the NACA i s  ut i l iz ing  the Douglas D-558-11 (BuAero No. 37974) 
research  airplane. These t e s t s   a r e  being made a t  the NACA High-speed 
Flight Research Station at Edwards Air Force Base, Calif. This  paper 
presents measurements of the  longitudinal  stabil i ty and control  charac- 
t e r i s t i c s  in  both  steady  flight and accelerated flight. Data &re pre- 
sented fo r  a speed  range from the   s ta l l ing speed up t o  a mexiuxum Mach 
number of 0.87. 

References 1 t o  7 present  flight measurements of other aerodynamic 
characterist ics of the Douglas D-558-11 airplane.  Reference 7 presents 
f l i gh t  measurements of the pitching-moment characterist ics of the wing 
and the  wing-fuselage  combination;  therefore,  correlation between the 
longitudinel  flying  qualities  reported  herein and the pitching-moment 
characterist ics of the wing-fuselage  combination  can be obtained by 
referring t o  reference 7. 

COEFFICIENTS AND SYMBOLS 

'e elevator  deflection  with  respect t o   s t ab i l i ze r ,  degrees 

6 total  aileron  deflection,  degrees 

rudder  deflection,  degrees 
9 

'r 
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stabil izer  settfng  with respect to fuselage  center line, posit ive 
when leading edge of s tabf l izer  i s  up, degrees 

slat position,  inches  (see  fig. 4) 

elevator  control  force, pounds 

aileron  control  force, pounds 

rudder  control  force, pounds 

normal acceleration, g 

acceleration due t o  gravity 

lateral acceleratiop, g 

airplane n o m - f o r c e  coefficient (nW/qS) 

airplane w e i g h t ,  pounds 

free-stream dynamic pressure, pounds per square foot 

wing area, square f ee t  

horizontal-tail  normal-force  coefficient,  positive fo r  up t a i l  
load (LT/SsT 

aerodynamic load  acting on horizontal ta i l ,  pounds 

horizontal-tail  area, square feet 

free-stream Mach number 

pressure  dt i tude,  feet 

calibrated airspeed, miles per hour 

angle of a t tack of airplane center line, degrees 

rolling velocity, radians per second 

yawing velocity, radians per second 

pitching velocity, radians per second 



ng 
a.c .wF 

4 as, 

r a t e  of change of elevator  deflection  required  for trim w i t h  
change in   a i rplane normal-force  coefficient,  degrees 

elevator  control  force  per g of acceleration, pounds per g 

aerodynamic-center  location of wing-fuselage  combination, 
percent mean aerodynamic chord- 

relative  elevator-stabilizer  effectiveness 

The Douglas D-558-11 airplanes have sweptback wing and t a i l  surfaces 
and were designed fo r  combination  turbojet and rocket power. The air- 
plane  used in  the  present  investigation (BuAero No. 37974) does not  yet 
have the  rocket  engine  installed. This airplane i s  powered solely by 
a J-34-WE-40 turbojet  engine which exhausts  out of the bottom of the 
fuselage between the wing and the tail.  Photographs  of the  airplane 
are shown in  f igures 1 and 2 and a three-view  drawing is shown i n   f i g -  
ure 3. Pertinent  airplane dimensions and character is t ics   are   l is ted  in  
table I. 

Both s l a t s  and fences are incorporated on the wing of the  airplane. 
The wing slats can  be  locked i n   t h e  closed position o r  they cau be 
unlocked. When the slats are unlocked the slat   posit ion i s  a function 
of the  angle of attack of the  airplane. Also, the slats on t h e   l e f t  and 
right wings are  interconnected and therefore, at any tfme, have the same 
position.  Figure 4 i s  a drawing of the wing section showing the wing 
slat in  the  closed and extended  positions. 

The airplane i s  equipped.with an adjustable  stabilizer  but no  means 
are  provided  for trimming  out aileron or rudder  control  forces. No 
aerodynamic balance or control-force  booster system i s  used on any of 
the  controls.  Hydraulic dampers are -installed on all control surfaces 
t o  aid i n  preventing any control-surface  f lutter.  Dive brakes  are 
located on the  rear  portion of the  fuselage. 

Figure 2 shows the  variation of elevator  position w i t h  control 
wheel posftion. The friction  in  the  elevator  control system as measured 
on the ground under no load i s  presented  in  figure 6 .  The f r i c t ion  
measurements were obtained by measuring the  control  posftion and control 
force  as  the  control w a s  deflected slowly. The rate  of control-surface 
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deflection  during  the  friction measurements w a s  sufficiently law s o  
that  the control  forces  resulting fram the-hydraulic dnmpers i n   t h e  
control system were negligible. 

INSTRUMEMTATION 

Standard M C A  recording  instruments were instal led in the airplane 
t o  measure the  following  quantities: , 

Airspeed 
Altitude 
Elevator and aileron wheel forces 
Rudder pedal  force 
Normal, longitudinal, and lateral accelerations 
'Rolling,  pitching, and yawing velocit ies 
Angle of a t tack 
Stabilizer,  elevator,  rudder, left  and right aileron  positions 

and slat posit ion 

Strain gages were instal led on the  airplane' structure t o  measure 
wing and t a i l  loads. The outputs of the strain gages were recorded on 
an 18-chasnel  recording  oscillograph. The strain gages were calibrated 
i n  terms of t a i l  load by applying known loads at many points on the  t a i l  
structure.  The measured outputs of the gages were u t i l i zed   t o   ob ta in  
equations from which the  load on the  tail could  be  found f romthe  gage 
responses  during flight. In flight, the   s t ra in  gages respond t o  a cam- 
bination  of-aerodynamic and i ne r t i a  loads. The t a i l  loads  given i n  
t h i s  paper have been corrected  for inertia ef fec ts  and therefore  repre- 
sent  the aerodynamic loads. 

The aileron  positions were measured on b e l l  cranks  about 1 foot 
forward of the  ailerons.  The rudder  and s tabi l izer   posi t ions were 
measured on the  control surfaces. In some cases the elevator  position 
was measured on the  elevator  actuating arm i n  the fuselage and i n  other 
cases  the  elevator  position was measured on the surface. The elevator 
pogitions  presented were measured w i t h  respect   to   the  s tabi l izer  and 
thk  stabil izer  posit ion w a s  measured with  respect to  the  fuselage  center 
l ine .  All control  positions were measured perpendicular t o  the control 
hinge l ine .  The slat position as used i n  t h i s  paper is defined i n  
figure 4 by the  distance d,. 

A free-swiveling  airspeed head was used t o  
total   pressures.  The airspeed head was mounted 
of the nose  of the  airplane. A vane, which w a s  
attack, w a s  mounted below the same boom % 1 fee t  
the atrplane. (See f ig .  1.) 

measure both  s ta t ic  and 
'on a boom 7 f ee t  forward 
used t o  measure angle of 
forward of the nose of 
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The calibration of the  airspeed  installation was accomplished i n  
the Mach  number range from 0.30 t o  0.70 by making tower passes. The 
de ta i l s  of the  tower-pass method of obtaining  airspeed  calibrations  me 
given in  reference 8. In order t o  extend  the  calibration up t o  a Mach 
number  of 0.90 the  following  procedure was  used. The blocking  error 
due to  the  fuselage was assumed t o  be constant. For the combination  of 
fuselage shape and airspeed boom length  used, this assumption is  ju s t i -  
f i ed  on the basis of results  reportea  in  reference 9. The blocking 
error  due t o  the  airspeed head was established up t o  a Mach Ilumber 
of 0.85 from wind-tunnel tests. By combining the  constant  blocking 
error  of the  fuselage  with  the  blocking  error due t o  the  airspeed head 
the  airspeed  calibration w a s  extended.up t o  a Mach number of 0.85. For 
Mach numbers greater  than 0.85 and less   than 0.30 the  calibration was 
extrapolated. Also, a t  any given Mach  number the same correction was 
applied at all angles of attack. 

The angle-of-attack vane was mt calibrated  for  posit ion  error  in 
flight. Since  the  angle-of-attack vBge was far  forward of the wing of 
the airplane  (about 1.6 wing semis pa^^^) the  posit ion  error of the vane 
would be expected t o  be small. The er ror  in the measured angles of 
attack  result ing from boom bending was determined experimentally and 
the  angle-of-attack measurements presented i n   t h i s  paper have been 
corrected  for boom bending. 

TESTS,  RESULTS, AND DISCUSSION 

The s ta t ic   longi tudinal   s tabi l i ty  and control  characteristics of 
the Douglas D-558-11 airplane were determined  both i n  steady (1 g )  
flight and in   accelerated  f l ight   for  a speed range from the s ta l l iq  
speed up t o  a maximum Mach  number of 0.87. The data were obtained in 
the  alt i tude range from 12,000 t o  25,000 f ee t  and the  airplane's  center- 
of-gravity  location  during  the  investigation-was  in  the range from 26.1 
t o  27.4 percent of the wing mean aerodynamic chord. 

Longitudinal  Characteristics in Steady  Flight 

Low speeds. - The s ta t ic   longi tudinal   s tabi l i ty   character is t ics  in  
steady  flight at low speeds were determined for  four  different  airplane 
configurations: 

(1) Flaps up, l d i n g  gear up, slats locked 

(2 )  Flaps up, landing  gear  up, slats unlocked 
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(3)  Flaps down, lmding  gear down, slats locked 

(4) Flaps down, landing gear down, slat's unlocked 

The data were obtained by taking  continuous  reccrds as the speed 
was  reduced from a Bpked 30 t o  90 m i l e s  per hour above the s t a l l i ng  
speed down t o  the s ta l l ing  speed. During these tests the Je t  engine 
was set at idle thrust .  

The data fo r  the airplane in the flaps-up,  landhg-gearr-up, s l a t s -  
locked  configuration axe presented i n  figure 7. Figure  7(a) shows the 
variation of elevator  position,  elevator  control  force, t a i l  normal- 
force  coefficient, and angle of a t tack with indicatea aireppeed and f ig-  
ure 7(b) shows the variation of elevator  position, tail normal-force 
coefficient, and airplane  normal-force  coefficient with angle of attack. 
Insgection  of.figure  ?(a) shows that the  airplane was stable  longitudi- 
nal ly  in the  speed range from 230 t o  165 miles  per hour as shown by the 
increasing  up-elevator  deflections and increasfng pull forces  required 
f o r  trim with  decrease in airspeed. A t  an Fndicated  airspeed of about 
165 miles per hour t h e   a m l a n e  becaute longitudinally  unstable and was 
unstable down t o  the lowest speed  reached, 148 miles  per hour. Fig- 
ure 7(b)  indicates that the longitud- instabil i ty  occurred at an 
angle of attack of about go or a normal-force coefficient of about 0.80. 
When the  airplane was unstable the p i lo t s  experienced d i f f i c u l t y   i n  
balancing or trimming the airplane. Therefore, the data  presented  for 
the speed  and angle-of-attack  range in  wbich the airplane was unstable 
only  approxhately  represent  the  quantities  requfred for t r i m  
balance. The t a i l  normal-force-coefficient data of figure 7(b) show 
that f o r  angles of a t tack less than about go where the  airplane was 
stable  the  wing-fuselage  combination w-as destabilizing  since  the tail 
norm&-force coefffcient  required f o r  balance  increased  positively  with 
increase in angle of attack or increase in airplane  normal-force  coeffi- 
cient.  However, for  angles of attack of 1l0 to 13.5' where the airplane 
was unstable  the  wing-fuselage  combination w a s  s tapi l iz ing since the 
t a i l  normal-force  coefficient  required for balance'.decreased as the 
angle of attack and airplane  normal-force  coefficient  increased. For 
angles of attack  greater  than  approximately 13.5O the wing-fuselage com- 
bination was again  destabilizing. These resu l t s   a re  in agreement'with 
data presented in reference 10 whfch reports results of a wind-tunnel 
investigation made in the Southern  California  Cooperative Wind Tunnel 
with a model of the Douglas D-558-11 airplane. Further  information on 
the s tab i l i ty   charac te r i s t ics  of the WFng and the wing-fuselage combina- 
t i on  are reported in reference 7. 

The data,  therefore,  indicate that the   ins tab i l i ty  of the  airplane 
at angles of attack  greater than 9' was not due t o  a destabil izing 
effect  from the  wing-fuselage  combination. The ins t ab i l i t y  probably 
resulted from an increase in the rate of change of the  effective down- 
wash a t   t h e   t a i l  w i t h  change Fn angle of a t tack at the higher angles of 
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attack. Data  presented in  reference 11 f o r  a wing having 42' of sweep- 
back show that, for  horizontal-tail  positions  relatively  high above the 
wing chord  plane, as is the case with the Douglas D-558-11 airplane 
(the  horizontal t a i l  is about 0.4 wing semispans above the wing chord 
plane), a large  increase in the rate of change of effective downwash 
with change i n  angle of attack  occurs at moderate and high angles of 
attack. The data of reference 11 a l s o  show that, for  horizontal-tail  
positions below the chord  plane, a decrease i n  the r a t e  of change of 
the effective downwash w i t h  angle of attack  occurs at high angles of 
attack. 

The pilots  reported that when flying in the angle-of-attack  range 
f o r  which the airplane was unstable it w a s  extremely d i f f i c u l t   t o  main- 
tain  the  airplane at a reasonably  constant  speed or at t i tude.  Emever, 
in the p i l o t ' s  opinion and as w i l l  be shown l a t e r   i n  this  paper,  the 
ir istabil i ty w a s  not  nearly  as  objectionable  to the  p i lo t  when it occurred 
i n  l g  f l i gh t  as when it occurred in accelerated maneuvers. 

The data for  the 'flaps-up,  landing-gearcup,  slats-unlocked airplane 
configuration,  are  presented in figures 8(a) and 8(b) .  In this   a i rplane 
configuration  the airplane was longitudinally stable a t  indicated air- 
speeds  greater  than 155 t o  160 miles per hour. A t  airspeeds between 
155 and 140 miles per hour the airplane was unstable,  but  the  degree of  
ins tab i l i ty  was not  nearly so  great as with the s l a t s  locked (f ig .  7 ) .  
A t  indicated  airspeeds less than 140 miles per hour the data presented 
in  f igure 8(a) indicate the airplane i s  very stable longitudinally. 
However,  from the  data of figure 8(b) sharing  the  variation of the 
elevator  deflection  required for balance w i t h  angle of attack  the air- 
plane appears t o  be neutrally stable or  slightly  unstable in the angle- 
of-attack range from 22' t o  28'. Also from figure 8(b)  at angles of 
attack of 1.8' t o  37' the t a i l  normal-force-coeff ic ient  data show t h a t  
the  wing-fuselage  combination  again becomes destabilizing. Again the 
data a t   t h e  high angles of attack  only  indicate  the  trends and are  not 
the  absolute  quantities  required for trim or  balance. The data  indicate - 
that w i t h  the slats unlocked the in s t ab i l i t y  occurred at a saniewhat 
higher angle of attack and airplane normal-force coefficient  than with 
the slats locked,  the  angle of attack and airplane normal-force  coeffi- 
c ient   for   instabi l i ty   being about llo and 0.90 w i t h  the slats unlocked 
and 9' and 0.80 with the slats locked. The variation of the slat posi- 
t i on  w i t h  angle of attack waa smooth and the slats were fu l ly  open for 
angles of attack  greater than 10.5'. 

The p i lo t s  had only minor objections  to  the  instabil i ty which was 
present in the speed  range from 140 t o  155 miles per hour and the 
ins tab i l i ty  at the high m e s  of attack (22' t o  28'). Uncontrolled- 
for   ro l l ing  and  yawing motions due t o   s t a l l i n g  were present when the 
airplane w a s  unstable  in the high angle-of-attack  range. These motions 
were much more noticeable  to  the  pilot  than the  longitudinal  instability. 



2 9 

Presented i n  f$@;ures g(a)  and g(b) are the data f o r  the flaps-down, 
landing-gemdown,  siats-locked  configuration. In this  configuration 
the  airplane was  stable at indicated  airspeeds above 140 miles  per hour 
and highly  unstable below t h i s  speed. The instability occurr.ed at an 
angle of attack of about 10' and a normal-force  coeff icieht of about 1.15. 
When the ins t ab i l i t y  occurred, the airplase  tended  to  pitch up very 
rapidly even  though the elevator was moved dam as soon as the  pitch up 
was noticed. The pi lots   objected  to   the instability of the  airplane i n  
this  configuration because of the  tendency  for the airplane  to   pi tch up 
t o  high  angles  of  attack  very  rapidly. Also, at the  high  angles of 
attack  violent  roll ing and yawing motions sometimes occurred. 

The data  for  the flaps-down,  landing-geardown,  slats-unlocked 
configuration are presented  in figure 10. The data. show tha t   a t   ind i -  
cated  airspeeds i n  the range from 140 t o  l3O miles  per hour (angle  of 
attack from 10' t o  16') the airplane has approximately neutral longitudi- 
nal s t ab i l i t y .  A t  indicated  airspeeds slightly less than 130 miles per 
hour the  airplane i s  very stable  longitudinally. In the higher angle- 
of -attack  range (24' t o  38') the data of figure 10(b) indicate  that   the 
airplane is  again  longitudinally  unstable. This in s t ab i l i t y  is  not 
very apparent in figure lO(a)  because  the speed range over which it 
occurs is  very small although  the  angle-of-attack  range  for the insta- 
b i l i t y  i s  large. Again, a s  stated previously,  the data at   the   higher  
angles of .attack  only show the trends of the  quantit ies  required  for 
trim and balance. As in  the  case of the flaps-up,  slats-unlocked con- 
figuration, figure 8, an uncontrolled-for  rolling and yawing motion due 
t o   s t a l l i n g  was  present when the airplane was longitudinally unstable 
at the high  angles  of  attack (24' to 38') and again these motions were 
much  more noticeable t o  the pilots than the longitudinal  instabil i ty.  

Comparison of the  longi tudinal   s tabi l i ty   character is t ics  of the 
airplane  for  the  four  different airplane configurations shows tha t   the  
slats have a much larger   effect  on the   longi tudinal   s tabi l i ty  than do 
the  f laps.  With the slats locked and the f l aps  up or  dam the  longitudi- 
nal s tab i l i ty   charac te r i s t ics  of the  airplane are very similar and with 
the   s la t s  unlocked and the flaps up o r  down the  character is t ics  are 

longitudinal  characteristics of the afrplane and the   p i lo t s  had only 
minor objections to the low-speed longitudinal  characteristics when the 
slats were unlocked. 

' similar. The slats were very  effective in improving the low-speed 

Higher speeds. - The steady flight . longitudinal  stabil i ty and con- 
t r o l  characterist ics were measured i n  the Mach number range from about 
0.50 t o  0.87 with the f laps  up, lauding  gear up, slats locked, and the 
engine  operating at the military power ra t ing  of 12,500 rpm. Presented 
in figure ll are   the-   var ia t ion of elevator  position,  'elevator  control 
force,  airplane  normal-force  coefficient, t a i l  normal-force  coefficient, 
angle of attack, and alt i tude  with Mach nuniber. These data were 



10 NACA RM L50Kl-3 

obtained i n  shallow dives which were s t a r t e d   a t  an al t i tude of about 
25,000 f ee t  at a Mach  number of about 0.50 and were terminated a t  am 
' d t i t ude  of about 16,000 feet and a Mach number of about 0.87. Data 
are  presented  for  four different s tab i l izer  settings in   the  range 
from 0 .To t o  2.8', stabilizer  leading edge  up. 

For all stabi l izer   set t ings a stable  variation of elevator  position 
with Mach  number occurred, as shown by the  decrease i n  up-elevator 
deflection o r  increase i n  down-elevator deflection  required  for trim as  
the Mach  number increased. No abrupt trim changes  occurred up t o   t h e  
highest Mach  number reached, 0.87. In  general,  for the s tab i l izer  
sett ings used, the elevator  control-force  variations w i t h  Mach  number 
exhibit a stable  variation as increasing push forces are required  for . 
trim as the Mach  number i s  increased. 

From the  elevator-position  data  presented in   f igure 11 the  varia- 
t i on  w i t h  Mach  number of the  relative  elevator  stabil izer  effective- 
ness r\arr/Me n s .  determined and this variation i s  presented i n   f i g -  
ure 12. I n  the Mach  number range from 0.55 to 0.80, r\arr/aSe has a 
constant  value of 0.4. Between Mach numbers of 0.80 and 0.85 the data 
indicate a slight decrease i n  -/nSe. 

LongPtudinal  Characteristics Fn Accelerated  Flight 

The longitudinal  stabil i ty and control  characteristics of the 
Douglas D-558-11 airplane  in  accelerated flight were measured i n  wind-up 
turns   in   the Mach  number range from 0.40 t o  0.87. Turns were made with 
the slats bath  locked and unlocked. 

Time his tor ies  of  two turns made at a Mach  number of approxi- 
mately 0.60 with the s l a t s  locked  are  presented i n  figures 13 and 14. 
Inspection of figure 13 shows that for  airplane  normal-force  coefficients 
less  than  0.7  to  0.8  (before time 11.0 sec)  the airplane is  stable  since 
increasing  up-elevator  deflections are required to  increase  the  airplane 
normal-force  coefficient. A t  times between about 11 and 12.8 seconds 
the  data  indicate  that the airplane i s  unstable. Although the  elevator 
was held  substantially fixed, the airplane  pitched up quite  violently. 
The angle of attack  increased fram 6O t o  23O and the  pftching  velocity 
frcan 0.25 radian  per second t o  0.6 radian  per  second. A t  the same time 
the normal acceleration  increased from 4.0g t o  5.Og and the normal" 
force  coefficient frm 0.70 t o  0.95. The pilot  applied  corrective 
elevator  control soon after the pitch  up-occurred and overcontrolled 
the airplane  in  recovering. A negative normal acceleration of about 3.0s 
was reached  during the recovery. No unusual la teral   or   di rect ional  
airplane mot ions  occurred  during th i s   tu rn  and therefore  these mot ions 
are not  presented in  the time  history. - 
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In the   turn shown by the time history of figure 14 the   p i lo t  
attempted to   f ly . the   a i rp lane  in the nornral-force-coeffLcLent range 
where the airplane w a s  unstable (times between 11 and 14 sec).  After 
the  airplane  pitched up, the  airplane first performed an unsteady 
rol l ing motion. The p i lo t  used the  rudder  in  attempting  to  control 
t h i s   ro l l i ng  motion  and mused  the  airplane to   pe r fom a 360° snaproll. 
The data indicate that Very large  angles of sidesl ip  were reached  during 
the  snaproll. Bo sideslip-asgle measurements were obtafned  during the 
maneuver, but  integration of the yawing velocity  indicates-that  sideslip 
angles on the  order of 30' t o  35O were approached. A mximum lateral 
acceler'ation of about l . l g  occurred  during  the  snaproll. This lateral 
acceleration  corresponds t o  a side force on the  airplane of about.  
10,800 pounds. The dis t r ibut ion of the side  force on the airplane 
between the  f iselage and ve r t i ca l  t a i l  is not Imown, but it is  l i k e l y  
that the  load on the   ver t ical  tail, durhg   osc i l la tory  yawed flight, 
approached the ver t ica l  tail-de-sign llmit load of 8,700 pounds. The 
maxFrmun roll ing  velocity which occurred  during the snaproll i s  not 
known as the  2.6-radian-per-second  range of the  rolling-velocity 
recorder was exceeded, but it is l ike ly   tha t   the  maximum rolling  veloc- 
i t y  was on the  order of 3.5 to  4.0-radians  per second. In recovering 
from the  snaproll  the  airplane sga€n reached a negative normal 
acceleration of 3.Og. 

The pilots  reported and the recording  Instrwnsnts showed tha t  air- 
plane  buffeting  occurred at normal accelerations  sl ightly less than  the 
acceleration at which the  airplane became unstable. This buffeting 
served as a warning of the approach of ins tab i l i ty .  If the elevator i s  
moved  down  when the airplane buffeting  occur.^, the response of the air- 
plane is  good and the  instabi l i ty   can be avoided. In the   p i lo t ' s  
opinion the airplane is W l y a b l e  i n  accelerated flight in the l i f t -  
coefficient  range in which it is unstable. If the  pitch up result ing 
from the   ins tab i l i ty  is  not checked by moving the  elevator dowq as 
as soon as it is noticed  by  the  pilot,  the  angle of attack  increases 
very  rapidly and violent rolling and yawing motions  occur when the high 
angles of a t tack are reached. 

The longitudinal  instabil i ty occured in  turns  with  the slats locked 
in   the  Mach  number range from 0.40 t o  0.65. In t h i s  Mach  number range 
there was l i t t l e  i f  asy change in the norm8,l-force coefficient of 0.7 
t o  0.8 at which the instability occurred. No information  has as yet 
been obtained on the  longitudinal  stabil i ty and control  characterist ics 
of the Douglas D-558-11 airplaae a t  high lift coefficients at Mach 
numbers greater than about 0.65. Because of the parer  limitation of 
the airplane w i t h  only the  jet  engine installed, it was not  possible t o  
make turns a t  high Mach numbers and high  altitudes so as to  obtain  high 
airplane l i f t  coefficients w i t h  reasonable  load  factors. It m a y  be 
pointed  out that, with the same wing loading, the normal-force coefficient 
at which in s t ab i l i t y  occurs  corresponds to a maneuvering load  factor of 
less than l g  at &z1 a l t i tude  of 40,000 feet and a Mach  number of'0.65. 
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Presented in   f igure 15 i s  a time history of a turn made at a Mach 
number of about 0.60 with  the  airplane  in  the  slats-unlocked  configura- 
tion. The data of figure 15 indicate that with  the slats unlocked the 
airplane is stable t o  higher  normal-force  coefficients  than  with  the 
s l a t s  locked,  the  normal-force  coefficient  for  instability  being 
about 0.90. Also, the  pitch up which occurs when the  airplane becomes 
unstable is.mild when compared with  the  slats-locked  codiguration. In 
no case, i n  turns  with  the  slats unlocked,  have violent  uncontrollable 
yawing and rol l ing motions  occurred after the  pitch up a s  did occur  with 
the  slats  locked. The p i lo t s  did not  consider  the  degree of ins tab i l i ty  
present  with  the  slats unlocked t o  be nearly as objectionable as the 
instability  with  the  slats  locked. 

From turns such as  were presented as time histories  in  f igures 13, 
14, and 15 the  variations of elevator  position, ta i l  normal-force  coef- 
f ic ien t ,  and airplane  normal-force  coefficient  with  angle of attack, 
the  variations of elevator  position and t a i l  normal-force  coefficient 
with  airplane  normal-force  coefficient, and the  variation of elevator 
control  force  with normal acceleration were determined. These data 
are presented i n  figure 16 fo r  Mach nmbers of approximately 0.40, 0.62, 
0.74, and 0.87 with  the  airplane  in  the  slats-locked  configuration. 
Similar data  for  the  slats-unlocked  configuration are presented in f ig-  
ure 17 f o r  Mach numbers of approximately 0.40, 0.60, and 0.85. The 
variation of the slat position  with  angle of attack is  also  presented 
in   f igure 17. 

A t  the lower l i f t  coefficients where the airplane was longitudinally 
stable,  the  variations of the  elevator  position  with  airplane normal- 
force  coefficient o r  angle  of  attack and elevator  control  force w i t h  
nonnal  acceleration are substantially  l inear.  In the  normal-force- 
coefficient  range where the  airplane was unstable the pi lo ts  were not 
able t o  trim o r  balance  the  airplane i n  accelerated flight. Therefore, 
the data presented i n  figures 16 asd 17 fo r  this  normal-force-coefficient 
range  represent  only  the  quantities  for  the  particular maneuver  and may 
or may not be quantities  required  to trim or  balance  the  airplane. 

A t  the lower  angles of attack  there is no measurable difference  in 
the  longitudinal  stabil i ty  or  control between the  slats-locked and the 
slats-unlocked  configurations. It i s  of interest  t o  note  that,  in  the 
turn made in   the  Mach  number range from 0.85 t o  0.77,  figure 17( c),   the 
slats although  unlocked d id  not open as the angle of attack was increased 
during  the  turn. A t  an angle of attack of 3.7 and a Mach  number of 0.77, 
figure  l7(c),  the s l a t  opening was about 0.1 inch; whereas a t   t h e  same 
angle of attack at a Mach  number of 0.60, figure l7(b) ,  the slat opening 
w a s  about 2 inches. 

a 

Presented in   f i gu re  18 are  the  vaziations w i t h  Mach numbers  of 
d&/dCN*, the  elevator  deflection  required t o  produce a unit  change in  



nom-fo rce   coe f f i c i en t ,  and me/&, the elevator  control  force  per g 
of acceleration. The values of &/dCNA and De/&  presented are 
f o r  the  low-lift-coefficient  range where the airplane w a s  longitudinally 
stable and are  f o r  turnFng flight. Ln the Mach  number range from 0.4 
t o  0.6 the  values of d&/dCNA and me/& are substastially  constant 
at 10.0. In the Mach number range from 0.6 t o  0.87, the values of 
d6e /dcNA and me/& increase and at a Mach n M e r  of 0.87 d6e/dCNA 
and Ls;Fe/& have a value of about 19.0. As w a s  pointed  out  previously 
in the  paper from the data of figure 12, the elevator  effectiveness at 
a Mach  number of 0.85 is only  slightly less t at a Mach  number of 0.60 
and, therefore, most of the increase in d&e dCNA snd De/& which 
occurs a s  the Mach  number is  increased from 0.60 t o  0.85 can  be a t t r i b -  
uted t o  an increase  in   s tabi l i ty  of the airplane. Frommeasurements of 
the horizontal-tail  loads it i s  shown tha t  the increase in the  airplane 
s t a b i l i t y  can be attr ibuted  to  the  increase in t he  s t a b i l i t y  of the 
wing-fuselage  combination. A measure of t he   s t ab i l i t y  of the wing- 
f'uselage  combination is  presented in  figure 19 as the variation of the 
aerodynamic center of the wing-fuselage  combination w i t h  Mach number. 
These data are f o r  low normal-force coefficients and were obtained  from 
the  tai l- load slopes, as shown in typical   p lots  of  figures 16 and 17. 
The t a i l  loads have been corrected  for the effect of  pitching  accelera- 
tion.  Inspection of figure l g  shows that the aerodynamic center of  the 
wing-fuselage  combination moves reaxward as  the Mach  number increases. 
A t  a Mach  number ' of 0.40 the aerodynamic center is at about 10 percent 
of the mean aerodynamic  chord and at a Mkch nuniber of 0.87 the  aero- 
dynamic center is a t  about 20 percent of the mean aerodynamic chord. 

r 

Flight measurements were made w i t h  the Doug1as.D-558-11 research 
airplane t o  determine  the  longitudinal  stability and control  character- 
i s t i c s  in both steady flight and accelerated  f l ight.  

With the slats locked and the f laps  up, the airplane was longitudi- 
nally unstable at normal-force  coefficients  greater  than  approxi- 
mately 0.8 in  steady flight at law speeds and in maneuvering flight at 
Mach numbers up t o  at l ea s t  0.65. No data were obtained at high normal- 
force  coefficients at Mach numbers greater  than about 0.65 because of 
the power l imitations of the ailplane with only the  Jet  engine  installed. 
The Ins tab i l i ty  proved objectionable to the   pi lots ,   par t icular ly  in 
accelerated flight because of the tendency for  the  airplane t o  pitch t o  
high angles of attack very rapidly and because violent rolling and 
yawing motions sometimes occurred when the high angles of a t tack were 
reached. The in s t ab i l i t y  probably  resulted frm a large increase in the 



ra te  of change of effective dawnwash at the t a i l  with increase i n  angle 
of attack at moderate and high angles of attack. 

With the f laps  down and the s l a t s  locked the longitudinal  stabil i ty 
characterist ics i n  steady flight at law speeds were very similar t o  the 
characterist ics with the f laps  up and the s l a t s  locked  except that the 
ins tab i l i ty  occurred a t  a higher  normal-force  coefficient. 

The degree of instabil i ty  present with the slats unlocked and the 
f laps  up or  down w a s  much less than with the slats locked and the p i lo t s  
had only minorabjections  to the longitudinal  characteristics of the 
airplane. . 

In  steady flight in  the Mach number range from 0 .W t o  0.87 the 
airplane was stable  longitudinally and no abrupt trim changes  occurred 
up t o  the highest Mach  number reached, 0.87. The data  indicate that 
only a slight reduction in  the relative  elevator-stabil izer  effective- 
ness  occurred in going from a Mach  number  of about 0.55 t o  0.83. 

In turning flight at  low l i f t  coefficients the values of d&/dCNA 

and AF,/Ag were approximately’ doubled as the Mach number was increased 
from 0.6 t o  0.87. Most of the increase i n  ds, /aCmA and AFe/Ag can 

be at t r ibuted  to  e~ increase in  the s t ab i l i t y  of the  airplane which 
occurred  because of the increase in the s t ab i l i t y  of the  wing-fuselage 
combination. A t  a Mach  number of 0.4 the aerodynamic center of the 
wiug-fuselage combination is at about 10 percent of the m e a n  aerodynamic 
chord and at a Mach  number of 0.87 the aerodynamic center is at about 
20 percent of the mean aerodynamic  chord. 

Langley  Aeronautical  Laboratory 
National Advisory Committee fo r  Aeronautics 

Langley Field,  Va. 
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TABLE I 

DIMENSIONS AND CHARACTERISTICS OF THE 

DOUGLAS D-558-11 AlRpLAmE 

t 

wing: 
Root a i r fo i l   s ec t ion  (normal t o  0.30 chord) . . . . . .  
Tip a i r fo i l   sec t ion  (no& t o  0.30 chord) . . . . . .  
Total area. sq f t  . . . . . . . . . . . . . . . . . . .  Span. f t  . . . . . . . . . . . . . . . . . . . . . . .  
Mean aerodynamic chord, in . . . . . . . . . . . . . .  
Root chord ( 'para l le l   to  plane of symmetry), in . . . .  
Tip chord (pa ra l l e l  t o  plane of symmetry), i n  . . . . .  
Taper r a t i o  . . . . . . . . . . . . . . . . . . . . . .  
Sweep at 0.30 chord,  deg . . . . . . . . . . . . . . . .  
lncidence at fuselage center l ine,  deg . . . . . . . .  
Dihedral, deg . . . . . . . . . . . . . . . . . . . . .  
Geometric t w i s t ,  deg . . . . . . . . . . . . . . . . .  
Total aileron area ( r e m u d  of hinge), sq f t  . . . . .  
Aileron span, perpendicular t o  plank of symmetry, in . 
Aileron  travel  (each), deg . . . . . . . . . . . . . . .  
Total  f lap area, sq f t  . . . . . . . . . . . . . . . .  
Flap travel, deg . . . . . . . . . . . . . . . . . . . .  

Aspect r a t i o  . . . . . . . . . . . . . . . . . . . . .  

. NACA 631-012 . . . .  175.0 . . . .  25.0 . . . .  87.3 . . . .  108.5 . . . .  61.2 . . . .  0.565 . . . .  3.570 . . . .  35.0 . . . .  3.0 . . . .  -3.0 . . . .  0 . . . 9 . 8  . . . .  66 . . . .  53-5 . . . 12.58 . . . . .  50 

Horizontal tail: 
Root a i r f o i l  section (normal t o  0.30 chord) . . . . . . .  RACA 63-010 
Tip a i r f o i l  section (normal t o  0.30 chord) . . . . . . .  W A  63-010 
k e a  (including  fuselage). sq f t  . . . . . . . . . . . . . . .  39.9 
span. in . . . . . . . . . .  ; . . . . . . . . . . . . . . . . .  143.6 
Mean aerodynamic chord. in . . . . . . . . . . . . . . .  .- . . 4  1.75 
Root chord (para l le l  t o  plane of  symmetry) . i n  . . . . . . . . .  53.6 
Tip  chord ( p a r a l l e l   t o  plane of synrmetry). in . . . . . . . . .  26.8 
Taper r a t i o  . . . . . . . . . . . . . . . . . . . . . . . . . .  0.50 
Aspect r a t i o  . . . . . . . . . . . . . . . . . . . . . . . . .  3.59 

Elevator area. sq f ' t  . . . . . . . . . . . . . . . . . . . . . .  9.4 

Sweep at 0.30 chord line. deg . . . . . . . . . . . . . . . . . .  40.0 
D i h e d r a l .  deg . . . . . . . . . . . . . . . . . . . . . . . . .  0 

Elevator travel. deg . . . . . . . . . . . . . . . .  25 up. '15 down 
Stabi l izer  travel. deg . . . . . . . . . . .  4 L.E. up. 5 L.E. down 

.. 



18 

DIMENBIONS AFJD CHARACTERISTICS OF TEE 

RACA RM L50Kl-3 

DOUGLAS D-558-11 AIRPLANE . Concluded 

Vert i c d  ta i l  : 
Airfoil  section (parallel t o  fuselage center line) . . . .  NACA 63-010 
k e a .  eq f t  . . . . . . . . . . . . . . . . . . . . . . . . . .  36.6 

Tip  chord (parallel t o  Fuselage  center line). i n  . . . . . . . .  44.0 

Rudder area (rearward of hinge line). sq f t  . . . . . . . . . .  6.15 
Rudder travel. deg . . . . . . . . . . . . . . . . . . . . . .  +25 

Length. f t  . . . . . . . . . . . . . . . . . . . . . . . . . .  42.0 

Fineness r a t i o  . . . . . . . . . . . . . . . . . . . . . . . .  8.40 

Height from fuelage  center  line. in  . . . . . . . . . . . . .  98.0 
Root chord (parallel t o  fuselage  center line) . i n  . . . . . . .  146.0 

Sweep angle at 0.30 chord.  deg . . . . . . . . . . . . . . . .  49.0 

Fuselage : 

MaxFmum diameter. in  . . . . . . . . . . . . . . . . . . . . .  60.0 

Speed-retarder area. sq f t  . . . . . . . . . . . . . . . . . .  5.25 
3-34-HE-40 Power plant . . . . . . . . . . . . . . . . . . .  2 jatos  for  take-off 

urplane weight (full fuel). lb . . . . . . . . . . . . . . . .  10. 645 

Airplane weight (no fuel). Ib . . . . . . . . . . . . . . . . .  9.  085 
Airplane weight ( f u l l  fuel &nd 2 jatos).  lb . . . . . . . . . .  11. 060 

Center-of  -gravity  locations: 
Full fuel (gear down). percent m e a n  aerodynamic chord . . . . .  25.3 
F u l l  fuel (gear up). percent mean aerodynamic chord . . . . . .  25.8 
No fuel (gear down) . percent mean aerodynamic chord . . . . . .  26.8 
No fuel (gear up). percent mean aerodynamic chord . . . . . . .  27.5 
FUU f u e l  and 2 jatos (gear down). percent mean aerodynamic 

chord . . . . . . . . . . . . . . . . . . . . . . . . . . . .  29.2 
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Figure 2.- Three-quarter rear view of Dwglas D-558-11 ( m e r 0  BO. 37974) 
reeearch airplane. 
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Figure 3 . -  Three-view drawing of the Douglas D-558-11 (BuAero No. 37974) 
research airplane. 
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Figure 4.- Section of wing slat of Douglas 
research airplane perpendicular t o  

D-558-11 (BuAero No. 37974) 
leading edge of wing. 
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Figure 5.- Variation of elevator position with control-wheel  position. 
No load on system. 



, . . . . . . . 

Figure 6 . -  Elevator control  force required t o  deflect  elevator on 
the ground under no load. 

I 

. . .  . .  



(a) 6e, Fe, Cm,, and a plotted  against Vc. 

Figure 7.- Low-speed s teady  f l ight   s ta t ic   longi tudinal   s tabi l i ty   character-  
i s t i c s  of the Douglas D-53-11 (BuAero No. 37974) research  airplane. 
Flaps up; landing gear up; s l a t s  locked; s tab i l izer   se t t ing  1.9’; center 
of gravity a t  26.6 percent mean aerodynamic chord. 
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Figure 7.  - Concluded. 
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Figure 8.- Low-speed s teady   f l igh t   s ta t ic  longitudinal  stability character- 
i s t i c s  of the Douglas D-558-11 (BuAero No. 37974) research airplane. 
Flaps up; landing  gear up; slats unlocked; s tab i l izer   se t t ing  1.p; 
center of gravity a t  26.7 percent mean aerodynamic chord. 
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(b) Ee, C N ~ ,  CNA, and d, plotted against a. 

Figure 8.- Concluded. 
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(a) E,, Fe, CHT, and a plotted  against V,. 

Figure 9.- Low-speed  steady  flight  static  longitudinal  stability  character- 
istics of the Douglas D-358-11 (BuAero No. 37974) research airplane. 
Flaps down; landing gear down; slats  locked;  stabilizer setting 0.7'; 
center of gravity  at 27.1 percent mean aerodynamic  chord. - 
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(b) 6,, C N ~ ,  and CN plotted against a. 
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Figure 9. - Concluded. 
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Figure 10.- Low-speed steady flight static  longitudinal  stabil i ty  character-  
i s t i c s  of the Douglas D-558-11 (BuAero No. 37974) research  airplane. 
Flaps down; landing gear down; slats unlocked; s tab i l izer   se t t ing  1.7'; 
center of gravity a t  26.8 percent mean aerodynamic. chord. 



34 

1.4 

1.2 

6 

A 

.2 

"2 
16 

(b)  C N ~ ,  C N ~ ,  and dB plotted  against a. 
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Figure 10. - Concluded. 
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Figure ll.- Steady flight  static longitudinal stability  characteristics 
of the Douglas D-5%-I1 (BGero No. 37974) research airphne  in the 
Mach number  range from 0.50 to 0.87 w i t h  fou r  stabilizer  settinga. 
Flaps up; landing gear'  up; slats  locked;  center of gravity at 
26.8 percent mean aerodynamic chord. 
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Figure 12.- Relative  elevator-stabilizer  effectiveness of the 
Douglas D-558-11 (BuAero No. 37974) research airplane i n  the 

,Mach number range from 0.55 to 0.85. 
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Figure 13.- Time his tory of a turn with the Douglas D-558LII 
(BuAero l o .  37974) research  airplane.  .Flaps up; landing 
gear up; slats locked; s tab i l izer   se t t ing  2.0°; center of 
gravity a t  27.0 percent mean aerodynamic  chord. c 
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Figure 14.- Time history of a turn with  the Douglas D-558-11 
(BuAero No. 37974) research  airplane.  Flaps up; landing 
gear up; slats lockeh; s tabi l izer   set t ing 0.7O; center of 
gravity a t  26.9 percent mean aerodynamic chord. 
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Figure 15.- Time history of a turn with  the Douglas D-558-11 
(BuAero No. 37974) research  airplane.  Flaps up; landing 
gear up; slats unlocked; s tab i l izer  setting 2.2O; center 

' of gravity at 26.7 percent mean aerodynamic chord. 
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d Almhzne not bahnced 

(a) M = 0.40; = 2.2'; center of gravity 

at  27.3 percent mean aeroaynamic chord. 

Figure 16.- Static longitudinal stability and control characterietice of 
the Douglas D-558-11 (BuAero Bo. 3 7 9 4 )  research airplane i n  turning 
fl ight.  Flaps up; landing gear up; slats locked. 
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(b) M = 0.62; 4 = 2.0’; center of gravity 

at 2‘7.0 percent mean aerodynamic chord. 

Figure 16. - Continued. 
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(a) M = 0.87; IT = 2.1'; center of gravity 

at 26.9 percent mean aerodynamic chord. 

Flgure 16. - Concluded. 
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(c) M = 0.74; $ = 2.1'; center of gravity 

at 26.9 percent mean aerodynamic  chord. 

Figure 16. - Continued. 
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d Alrphne not babnced 

(a) M = 0.40; iT = 2 .PO; center of gravity 
at 27.2 percent mean aerodynamit chord. 

Figure 17.- Static  longitudinal e tabl l l ty  and control  characteristics of the 
Douglas D-558-11 (BuAero No. 37974) research  airplane i n  turning f l igh t .  
Flaps up; landing gear up; slats unlocked. 
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. /. r: , , , I  ' t i -  . , '.?: . . >.. . ' .  .' . _ .  (b) M = 0.60; IT = 2.2'; center of gravity 
. pr') " a t  26.7 percent mean  aero-c cbora. 
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Figure 17.- Continued. 
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( c )  M = 0.85; IT = 0.8~; center of gravity 

at T .  4 percent mean aerodynamic chord. 

.Figure 17. - Concluded. 
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Figure 18. - The variation with Mach numBer of - d6e Fe and - for   the 
% g 

Douglas D-558-11 (BuAero No. 37974) research  airplane. Flaps up; 
landing gear up; slats locked o r  unlocked; center of gravity at 26.7 
to 27.4 percent mean aerodynamic chord. 
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Figure 19.- The variation with Mach number of the  aerodynamic-center 
location of the wing-fuselage combination of the Douglas D-558-11 
(BuAero No. 37974) research airplane. Flaps up; landing gear up; 
slats locked or unlocked. . 
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